Comparative immunodiffusion studies and thin-layer chromatographic analyses of wholeorganism acid methanolysates were performed on 3 7 strains of Mycobacterium farcinogenes, Mycobacterium senegalense and Nocardia farcinica. The latter were clearly distinguished from the mycobacteria in containing a single mycolic acid methyl ester and showing more precipitinogens with nocardial than with mycobacterial and rhodococcal reference systems. The distribution of precipitinogens showed that M . farcinogenes and M. senegalense were very closely related and that both showed a greater affinity to Mycobacterium fortuitum than to any of the other established species of Mycobacterium tested. The complex pattern of a-mycolates and characteristic polar mycolates found in both M. farcinogenes and M . senegaleme has only previously been found in M. fortuitum and Mycobacterium smegmatis.
bovine farcy (Chamoiseau, 1969 (Chamoiseau, , 1972 . The subspecies were subsequently raised to species status as Mycobacterium farcinogenes and Mycobacterium senegalense, respectively (Chamoiseau, 1979) . Strains of the latter when compared with the former are rapid-growers as opposed to slow-growers, are more active biochemically, contain a characteristic mycoside C, cause a more generalized peritonitis in guinea pigs, but do show appreciable DNA homology with M . farcinogenes. Little is known of the relationships of M . farcinogenes and M. senegalense to established Mycobacterium species, though the agents of bovine farcy can be distinguished by their characteristic pathogenicity for guinea pigs, ability to form a stable mycelium and positive malonamidase reaction (C hamoiseau, 19 79). Preliminary immunodiffusion (Ridell et al., 1979) studies indicate an affinity between the bovine farcy organisms and Mycobacterium fortu itum and Myco bacterium smegmat is.
In the present study, representatives of M . farcinogenes, M . senegalense and N. farcinica were the subject of comparative immunodiffusion and lipid analyses designed to determine the relationships of these taxa to one another and to related actinomycetes.
M E T H O D S
Strains. The sources of the 37 strains included in both the immunodiffusion and lipid analyses are given in Table  1 . In addition, ten representative strains of the genus Mvcobacterium, two of Nocardia and one of Rhodococcus (see Tables 2 and 3) were included in the serological analyses for comparative purposes.
Analysis of long-chain components. The test strains were maintained on glucose yeast extract agar at room temperature (Gordon & Mihm, 1962b) . Biomass for the lipid analyses was prepared by growing organisms in shake flasks of modified Sauton's medium (Mordarska et al., 1972) for 7-14 d at 30 "C. The strains were checked for purity at maximum growth, killed with formaldehyde ( 1 96, v/v). harvested by centrifugation, washed with distilled water and freeze-dried.
Freeze-dried bacteria (50 mg) were degraded by treatment at 75 "C with a mixture (3 ml) of methanol/ toluene/sulphuric acid (30: 15: 1, by vol.) for 16 h . Long-chain components were extracted with two portions of petroleum ether (b.p. 60-80 "C) and traces of acid were removed by passage through a short column of ammonium hydrogen carbonate. Thin-layer chromatographic (t.1.c.) analyses of the extracts were performed on 10 x 10 cm pieces of Merck 5554 silica gel 60 F254 aluminium sheets or on 20 x 30 cm layers (0.5 mm) of Merck 7739 silica gel 60 HF,,,. Chromatography in a single dimension involved a single development with petroleum ether/acetone (95 : 5, by vol.); for two-dimensional analysis, a triple development with the same mixture in the first direction was followed by a single development with toluene/acetone (97:3, by vol.) (Minnikin el al., 1980) in the second direction. Separated components were revealed on aluminium-backed sheets by heating at 120 OC for 15 min after spraying with 10% ethanolic molybdophosphoric acid, while for layers spread on glass, spraying with 50% aqueous sulphuric acid was followed by charring at 180 OC for 20 min.
Comparative immunodzffusion analyses. Antigens were prepared from extracts of disintegrated cell mass as described previously (Ridell & Norlin, 1973) . Thirteen reference precipitation systems (Table 2) were employed including those prepared from the type strains of M. farcinogenes (M262, NCTC 10955) and M. senegalense (M263, NCTC 10956), and from M. senegalense M696. The other ten reference systems and the methods employed for their preparation have been described previously (Ridell & Norlin, 1973; Ridell, 1975; Ridell et al., 1979) . The serological analyses were performed using a microplate modification (Wadsworth, 1962) of the immunodiffusion technique of Ouchterlony (1958 Ouchterlony ( , 1962 . For each combination of test antigen and reference antiserum, two results were recorded: the first figure represents the total number of precipitation lines obtained in the reaction between the test antigen and the reference antiserum: the second figure represents the number of precipitinogens of the test antigen that could be identified by means of the reference system (Ridell, 1975; Ridell et af., 1979) .
R E S U L T S

Analysis of long-chain components
Single-dimensional t.1.c. of whole-organism acid methanolysates of the test strains (Table 1) indicated that the patterns of long-chain compounds from the N . farcinica strains were clearly distinct from those of M . farcinogenes and M . senegalense. Two-dimensional t.1.c. gave more precise separation of all of the components: representative examples, for N. farcinica M258 (ATCC 3318), M . farcinogenes M262 (NCTC 10955) and M . senegalense M263 (NCTC 10956) and N723, are given in Fig. 1 . All of the N . farcinica strains (Table 1) gave simple patterns similar to that shown for strain M258 (Fig. 1) . Such a pattern, consisting of non-hydroxylated fatty acid methyl esters, single mycolic acid methyl ester components, and occasionally characteristic long-chain alcohols (nocardols), is characteristic of Nocardia sensu strict0 (Minnikin & Goodfellow, 1976 . The proportion of nocardols was highest in strain M258 but significant amounts were detected in the methanolysates from other strains. All the strains (Table 1) of both M . farcinogenes and M. senegalense had general patterns of long-chain compounds similar to those recorded for the type strains M262 (NCTC 10955) and M263 (NCTC 10956) (Fig. l) , and copies of these have been deposited with the British Library Lending Division, Boston Spa, Yorkshire LS23 7BQ, as Supplementary Publication No. SUP 28013 (5 pages). (Copies may be obtained from the BLLD on demand; wherever possible, requests should be accompanied by prepaid coupons, held by many university and technical libraries and by the British Council.)
The principal long-chain components present in M . farcinogenes and M . senegalense ( Fig.  1 ) co-chromatographed with non-hydroxylated fatty acid methyl esters and mycolic esters similar to those found in methanolysates of M. fortuitum and M . smegmatis . The least polar mycolates (A, A'; Fig. 1 ) are considered to be the so-called a-and a'-mycolates (Etemadi, 1967) which lack oxygen functions apart from the 3-hydroxy ester unit. The other most characteristic long-chain components found in all the methanolysates of M . farcinogenes and M . senegalense are the pairs of polar mycolates (I, J; N, 0; Fig. 1 ) previously found only in M. fortuitum and M. smegmatis . In certain strains other minor long-chain components were observed, the most prominent being those (K, L) found in M. senegazeme N723 (Fig. 1 ) which correspond in chromatographic behaviour to components detected previously in acid methanolysates of M . fortuitum and M. smegmatis . Component K also appeared to be present in the methanolysates of M. senegalense M283, N696 and N712 co-occurring with smaller amounts of component L. The latter was also found in fairly significant amounts in methanolysates of M . farcinogenes M27 1, M272, M277, N709, N7 1 1, N715, N716 and N720 and to a lesser degree in M. farcinogenes M269, M273 and M280 and in M. senegalense N721, N727, N728 and N729.
Compa ra t iu e imm unodiffusio n analyses
The 3 7 test strains were analysed by the comparative immunodiflusion technique employing ten mycobacterial, two nocardial and a single rhodococcal reference system (Table  2 ). The average numbers of precipitinogens shared by the test and reference strains are shown in Table 2 . The M. farcinogenes and M . senegalense strains shared a higher number of precipitinogens with the mycobacterial reference strains than with the nocardial and rhodococcal ones; in contrast, the N. farcinica strains shared the most precipitinogens with the nocardial reference strains. The largest numbers of identified precipitinogens, either five or six, were observed when the M. farcinogenes and M. senegalense strains were analysed with the three corresponding reference systems, the next highest numbers being observed with the M . fortuitum reference system.
The numbers of precipitinogens found when representative mycobacteria were analysed with the M. farcinogenes and two M . senegalense reference systems are shown in Table 3 . The highest numbers of revealed and identified precipitinogens were found in reactions between the type strain of M. fortuitum and the three reference systems, though several precipitinogens were also recorded between the latter and M . smegmatis ATCC 14468. It is also interesting that, in the reaction between Mycobacterium phlei ATCC 19249 and the M. farcinogenes M262 (NCTC 10955) and M. senegalense M263 (NCTC 10956) systems, two and three precipitinogens were identified, respectively.
D I S C U S S I O N
The N . farcinica strains, including the type strain ATCC 33 18, were clearly distinguished from both M. farcinogenes and M. senegalense in the lipid and immunodiffusion analyses. Thus, these strains contained a single mycolic acid methyl ester and non-hydroxylated fatty acid methyl esters characteristic of true nocardiae (Minnikin & Goodfellow, I980) , and showed more precipitinogens on immunodiffusion with the nocardial reference systems than with the mycobacterial and rhodococcal reference systems (Table 2 ). These data add weight to the view that N . farcinica Trevisan is a good Nocardia species (Tsukamura, 1969; Ridell, 1975; Bradley & Mordarski, 1976; Orchard & Goodfellow, 1980) .
Mycobacterial mycolates yield a number of characteristic patterns on t.1.c. analysis of whole-organism acid methanolysates . The mycolates of M . tuberculosis, consisting of a-mycolates, ketomycolates and methoxymycolates, are an example of the first pattern; the second pattern, exemplified by M . avium, consists of a-mycolates, ketomycolates, wcarboxymycolates and 2-eicosanol; in the third pattern, a-and a'-mycolates co-occur with characteristic unknown polar mycolates, as found for acid methanolysates of M. fortuitum and M. smegmatis ; finally, M . chelonei strains give a very simple mycolate pattern of two spots which correspond to a diunsaturated a-mycolate and lower molecular weight d-mycolate . The principal long-chain components of the M . farcinogenes and M. senegalense strains co-chromatographed with methyl mycolates and non-hydroxylated fatty acid methyl esters similar to those found in M . fortuitum and M. smegmatis. On the basis of the lipid data, therefore, M. farcinogenes and M . senegalense cannot be distinguished as each contains a-mycolates and characteristic polar mycolates previously only found in M . fortuitum and M . smegmatis.
The large number of identified precipitinogens demonstrated between the M. farcinogenes and M. senegalense strains in immunodiffusion analyses shows not only that they are closely related but is consistent with their classification in a single species (Ridell, 1974 (Ridell, , 1981 . The serological data also show that both the slow-growing M. farcinogenes and the fast-growing M. senegalense are closely related to M. fortuitum, and to a lesser extent to M . phlei and M . smegmatis, but can readily be distinguished from other established species of Mycobacterium (Tables 2 and 3) . These findings are in good agreement with preliminary immunological data (Ridell et al., 1979) .
Both lipid and serological data indicate that M. farcinogenes and M . senegalense are closely related to one another and to M . fortuitum. The results of the serological analyses suggest that M. farcinogenes and M . senegalense might be classified as a single species, whereas t.1.c. analysis of mycobacterial mycolates does not always yield data sufficiently sensitive for species differentiation. Detailed studies using appropriate modern taxonomic techniques are required to determine whether or not M. farcinogenes and M . senegalense should remain as separate species.
Recently, Shigidi et al. (1980) isolated 21 strains from cattle with bovine farcy in the Sudan and assigned them to the genus Nocardia on the basis of chemical, physiological and serological criteria. The results of this interesting study need to be confirmed as the taxonomic data do not demonstrate unequivocally that the isolates are nocardiae. Thus, nocardiae and mycobacteria share many physiological properties. They have also several antigens in common and the presence or absence of a single unidentified precipitinogen cannot be used to distinguish between the genera Mycobacterium and Nocardia. 
